Cancer survivors may fear infertility, obstetric problems, and genetic alterations in their offspring. After linkage of three registries the probability of post-treatment parenthood and the risk of obstetric and perinatal problems were estimated in cancer survivors compared to individuals without a cancer diagnosis. A total of 1531 of 13 817 patients had 2307 children after one parent's cancer diagnosis: 972 males had 1479 children and 559 females had 828. A total of 1217 patients (784 males and 433 females) became parents ≥ 9 months after the diagnosis (1899 births: 1221 to male cancer patients and 678 to female patients). The post-diagnosis parenthood probability was 8% at 5 years, and 14% at 10 years without further increase. Female cancer survivors gave birth to post-diagnosis infants with on average 130 grams lower birth weight and 6 days shorter gestations compared with infants in the non-cancer population. Infants fathered by male cancer survivors did not differ from control infants with respect to birth weight or gestational age. There was no increase in the prevalence of major congenital malformations in the offspring of cancer survivors as compared with the offspring of the non-cancer population. Multiple births and deliveries by cesarean sections were increased. Parenthood after cancer is possible in a signifi cant number of patients, more so for males than females. The risk of major congenital malformations was not increased relative to the non-cancer population, nor was perinatal mortality increased. However, female cancer survivors delivered more preterm births and low-
During the last two decades quality of life has become an important outcome parameter in oncology, including the possibility for cancer survivors to become parents of healthy children ( 1 -3 ) . An increase of malformations in the offspring of cancer survivors has not been documented compared with controls ( 1 , 4 -6 ) , though more data are needed to enable evidence-based counselling of cancer patients concerning future fertility and children's health.
The present preliminary report deals with the probability of parenthood after a cancer diagnosis and the risk of major congenital malformations in the offspring, together with obstetric and perinatal complications after one parent's fi rst malignant diagnosis. Modern techniques of assisted fertilization (7) (8) (9) (10) are not considered in the present report. The results are compared with those of a control group.
M ETHODS

Series Established by Linking Three Registries
Patient registry of the Norwegian Radium Hospital (NRH).
The NRH is a comprehensive cancer center with about 300 beds.
Starting in 1971 an electronic patient registry is available with information on the patients' cancer diagnosis (ICD-7) and summarized information on treatment and outcome.
Cancer registry of Norway (CRN). Cancer reporting to this registry has been compulsory for Norwegian hospitals and histopathological laboratories sine 1953 (date and type of diagnosis, extent of the disease, histology, date and cause of death).
Medical birth registry of Norway (MBRN).
Since 1967 this population-based registry has collected information on all live births in Norway and on stillbirths of at least 16 weeks gestation. The midwife attending the birth reports demographic data of the parents, maternal health before and during pregnancy, previous reproductive history, complications during pregnancy and delivery, and pregnancy outcome, together with the results of the medical examination of the newborn. For the present study data were available for the time period 1967 -1998 (about 1.8 million childbirths).
Linkage of person-identifi able records from these three registries is possible by means of the individual's unique identifi cation number, given to each citizen living in Norway. Cases were selected based on the following eligibility criteria: a) patients aged 15 -45 years at the fi rst cancer diagnosis and at fi rst referral to the NRH; b) hospitalized at the NRH between 1971 and 1997; c) histologically verifi ed invasive malignancy, based on ICD-7 (140 -207, except 189).
To estimate the probability of parenthood after a malignant diagnosis, we counted childbirths 9 months or more after the diagnosis of cancer. When evaluating perinatal outcome, we studied all deliveries after a parent's malignant diagnosis, independent of the length of the post-diagnostic interval, and compared the results with deliveries reported for all other individuals in the MBRN (controls).
Statistics
Common descriptive measures were used together with the Kaplan Meier procedure to estimate the probability of parenthood. Patients were censored at death or emigration or, for surviving patients, on January 1, 1999. Differences between curves were evaluated by the log-rank test. For categorical variables, we calculated crude odds ratios (ORs) with 95% confi dence intervals, and we used logistic regression analyses to adjust for confounding factors (maternal age, parity, year of childbirth). A P value of ≤ 0.05 was considered to be statistically signifi cant.
R ESULTS
We identifi ed 13 817 eligible patients. About two-thirds of the patients were females ( Table 1 ) , and 57% had at least one child before the cancer diagnosis.
Post-diagnosis Parenthood ( ≥ 9 Months)
A total of 1217 patients had at least 1 child ≥ 9 months after their cancer diagnosis, resulting in 1899 children ( Table 2 ). Almost 90% of these 1217 patients had 1 or 2 children 9 months or later after the malignant diagnosis (Fig. 1) . One patient had 7 children born after his treatment for testicular cancer. Posttreatment parenthood was signifi cantly more frequent among males than among females (males: 784 fathers of 5183 patients versus females: 433 mothers of 8644 patients, P <0.01). The male cancer patients had a total of 1221 children, and the female cancer patients had 678 children. In general, 3 -4.5 years elapsed from the diagnosis of cancer to the fi rst posttreatment childbirth.
For all 13 817 patients the 5-year probability of fi rst parenthood after at least 9 months was 8% and 14% at 5 and 10 years, respectively ( Fig. 2, A) . Being a male cancer survivor, age below 30 years at diagnosis, and being childless before the diagnosis of cancer favored post-diagnosis parenthood (Fig. 2 
, B -D).
Women with uterine choriocarcinoma displayed the highest 10-year probability of post-diagnosis parenthood (Fig. 3, A) followed by patients with malignant lymphoma, testicular cancer, and malignant melanoma (Fig. 3 , B -D). The 10-year probability of post-diagnosis parenthood was only 5% for female patients with all other diagnoses ( Fig. 3, E) . After 1980 the 10-year post-diagnosis parenthood rate for male patients did not increase, whereas the 10-year post-diagnosis parenthood rate for female patients increased from 7.3% to 9.0% ( P <0.05; Fig. 4 ). Overall the likelihood for motherhood was signifi cantly lower than that of fatherhood for all strata examined.
Obstetric and Perinatal Outcome
When counting all births after a cancer diagnosis, independent of the post-diagnosis time interval, 972 male and 559 female cancer survivors were registered with at least one post-diagnosis birth in the MBRN, adding up to a total of 2307 post-diagnosis births ( Table 2 ). The male cancer survivors were registered as fathers to a total of 1479 post-diagnosis infants, and the female cancer survivors delivered a total of 828 post-diagnosis infants ( Table 2 ) .
The mean age at post-diagnosis delivery for female cancer survivors was 29.8 years (95% confi dence interval [CI] = 29.5; 30.1), whereas mean age for male cancer survivors at the time of post-diagnosis birth was 32.9 years (95% CI = 32.7; 33.2). This was signifi cantly higher than the mean age at childbirth in the control population (mean maternal age 26.8 years Number of children per patient
Number of patients
Cancer diagnosis in the father Cancer diagnosis in the mother . Among post-diagnosis pregnancies, 35.9% were fi rst pregnancies, 38.7% were second pregnancies, and 25.4% were of higher parities. Among pregnancies to women in the non-cancer population, 41.5% were fi rst pregnancies, 34.6% were second pregnancies, and 23.9% were higher parity pregnancies. Twins (3.2%) and triplets (0.4%) were signifi cantly more common in post-diagnosis pregnancies than in control pregnancies (2.2% twins and 0.06% triplets), and also more common than in pregnancies to cancer patients before the cancer diagnosis (2.3% twins, no triplets). Male cancer survivors had the highest proportion of twins/triplets ( Table 3 ). In addition, there was a marked time trend in the proportion of twins and triplets born after a cancer diagnosis over time (Fig. 5, A) . This time trend was most marked for female cancer survivors, with an increase from no multiple births between 1971 and 1980 to 5.2% between 1991 and 1998. The time trend in the proportion of multiple births to male cancer survivors was similar to the time trend among control individuals, but the absolute proportion was higher throughout the time period (Fig. 5, A) .
Compared with the control group, signifi cantly more births in the cancer population were delivered by cesarean section, even when excluding multiple births (Fig. 5, B) . The increased use of cesarean section was confi ned to female cancer survivors. In contrast to what was found among control individuals, the use of cesarean section in the female cancer population decreased over the time period of the study.
After excluding multiple births, the mean gestational age for infants delivered to female cancer survivors was 6 days shorter and the mean birth weight was 130 grams lower than that of infants delivered to control individuals. In line with this, there was a significant increase in preterm delivery (before 37 completed weeks) among female cancer survivors compared with the controls, which persisted after adjusting for maternal age, parity, and time period ( Table 4 ) . Likewise, the female cancer survivors had more than twice the risk of low-birth-weight delivery (birth weight below 2500 grams) than control individuals ( Table 4 ) . On the other hand, infants fathered by male cancer survivors did not differ significantly from infants in the control group with regards to gestational age or birth weight. 
D ISCUSSION
Overall, the cumulative 10-year probability of post-cancer parenthood was 14%, allowing the general view that a signifi cant number of cancer survivors want to become parents and are successful in their attempt. The documented post-diagnosis pregnancies did in general not represent a major health risk for the mothers or the children. The chance of post-diagnosis fatherhood signifi cantly exceeded that of motherhood, but the female cancer survivors' chances of having a child signifi cantly increased after 1980.
In patients with gestational trophoblastic tumors it has been known for a long time that treatment with anti-metabolites does not lead to permanent ovarian failure ( 11 ) . Today's treatment of ma lignant lymphoma and testicular cancer enables post-diagnosis parenthood at relatively high rates, in spite of frequent use of cytostatic drugs and irradiation. The introduction of ABVD chemotherapy (adriamycin, bleomycin, vinblastine, darcabazine) and the reduced use of pelvic radiotherapy after 1980 are probably the main reasons for this development ( 12 , 13 ) . Recovery of spermatogenesis usually occurs after ABVD chemotherapy of Hodgkin lymphoma and after cisplatin-containing combination chemotherapy in patients with testicular cancer, thus allowing fatherhood in most patients with retained antegrade ejaculation ( 2 , 14 , 15 ) . The introduction of pre-treatment sperm banking ( 16 ) along with improvement of assisted reproduction techniques (ART) overcome major infertility problems in men, though only about 20% ever use their banked semen ( 17 ) . On the other hand, preservation of ovarian function implies many practical problems. Though cryopreservation of fertilized oocytes is possible and is in clinical use, cryopreservation of non-fertilized oocytes and ovarian tissue remains experimental ( 3 , 10 ) .
Previous reports ( 1 , 6 , 18 ) have not been able to prove an increase of rate of congenital malformations in cancer survivors' offspring in spite of post-treatment chromatin alterations in sperm cells ( 4 ) , even in men who have fathered a child. Neither has the present rather large series demonstrated an increase of major congenital malformations diagnosed during the perinatal period.
There was no increase of perinatal mortality for infants delivered to cancer survivors, though pregnancies to women with a cancer diagnosis more often resulted in pre-term delivery. It is not clear whether this latter risk is related to the malignancy itself or its treatment, such as scattered irradiation from abdominal radiotherapy. The combination of psychological and obstetric considerations has probably led to the high frequency of cesarean section. An increase of pre-term delivery together with the increased proportion of multiple births indicate that pregnancies in cancer survivors require a particularly high level of obstetric and perinatal health care.
Some limitations of the present report have to be mentioned. Thus far, specifi c treatments have not been taken into account in this preliminary report. Second, our cross-sectional calculations do not consider any sibling-related associations existing for birth weight, obstetric or perinatal complications, or malformations ( 19 , 20 ) . Third, only those major malformations that were diagnosed during the perinatal period were considered, whereas minor malformations probably have remained undiagnosed.
C ONCLUSION
Post-diagnosis parenthood is possible in a considerable proportion of cancer survivors (10-year cumulative rate of postdiagnosis parenthood: 14%). A slightly increased risk of pre-term births and an increased proportion of multiple pregnancies warrant particular obstetric and perinatal health care. No increase of major congenital malformations in cancer survivors' offspring was found.
